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Introduction: Obstructive sleep apnea/hypopnea (OSAH) affects more than 15% of the general population and increases the occurrence of cardiovascular (CV) and metabolic events. Continuous positive airway pressure (CPAP) treatment is currently the gold standard treatment of OSAH and could prevent the occurrence of such events. However, long-term adherence to CPAP is a problem where a significant rate stop device treatment use. OSAH patients suffering CV disease could be less compliant due to less diurnal symptoms.

Methods: We performed a prospective study of 408 non-CV or CV disease patients suffering severe OSAH syndrome and followed them during the first 5 months as well as a mean of 3 years of CPAP treatment use.

Results: We demonstrated that in adult OSAH patients that two variables were associated with a low compliance (<5 h/night): age <60 y and lower maximal positive airway pressure level used. There was no significant impact of the presence of CV disease on compliance of 5 months. After 3 years of CPAP, age <60 y as well as diabetes were independent factors of low compliance. There was no significant association between gender, mask types, 90th centile positive airway pressure level, apnea/hypopnea index and short- or long-term compliance in our population.

Conclusions: We did not find lower compliance of CPAP in CV OSAH patients. Most of our population (68–73%) demonstrated an optimal night treatment duration at 3 years of follow-up, allowing a reduction of CV occurrence or recurrence. We hypothesize that an early and short education of OSAH as we routinely proposed could allow a significant increase in the optimal observance of CPAP in at-risk populations.
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INTRODUCTION

Obstructive sleep apnea/hypopnea (OSAH) has deleterious effects on human health, such as daytime somnolence, fatigue, irritability (1), high cardiovascular (CV) risks (2), and cognitive dysfunction and depression (3). Continuous positive airway pressure (CPAP) therapy is an effective treatment for OSAH which has given the best outcomes until now (4, 5). Therefore, it is important to investigate how to improve adherence and knowledge of CPAP treatment.

Several studies have shown that CPAP treatment depends on the patient, technological device factors, side effects, and psychological and social factors. Other factors like apnea/hypopnea index (AHI) and associated chronic disease (6) could play a role and also influence the level of compliance. A linear relationship between duration of CPAP use and outcome has been demonstrated with at least 5 h/night (7). Positive effect after 3 months of CPAP use for subjective sleepiness (Epworth sleepiness scale; ESS) (8), oxyhemoglobin desaturation index (9), heart rate and pulmonary artery pressure (10), and cognitive performance such as memory process was eight times superior for 6 h/night of use compared to ≤ 2 h/night (11, 12).

Smith et al. showed that with knowledge tests, such as the Apnea Knowledge test and Apnea Beliefs Scale (13), we could improve patients' knowledge about OSAH and at the same time improve treatment compliance and adherence to CPAP treatment, which increases the duration of CPAP use by the patients. Motivational enhancement can increase the perception of the positive aspects of CPAP (14). Psychological variables could also influence the adherence to treatment by CPAP. One of these important factors is that the patient needs to believe in his/her illness and its treatment efficiency (15). The level of involvement and education by healthcare professionals at the time of initiation of treatment can be a factor affecting adherence to CPAP treatment (16).

It has been estimated that 15–30% of patients do not accept CPAP treatment from the outset, i.e., before or during their titration study (17, 18). This early pattern of CPAP use is critical for determining continued patterns of use (19). Out of those who do initially accept CPAP treatment, 25–50% of patients fail to adhere optimally (20). In the long-term, up to 25% of patients stop using CPAP treatment by the third year (21).

The purpose of this prospective longitudinal study was to investigate factors and cofactors, which could modify (1) the first 5 months and (2) the first 3 years of compliance. We targeted a subpopulation with CV problems since it has been suggested that this population should be less symptomatic before CPAP treatment and therefore possibly less observant in the short- or long-term (22, 23).

METHODS

Participants

Consecutive adult patients (n = 423) between 18 and 85 years old with or without CV diseases and OSAH were included in our study. All these participants were included consecutively in a 5-month follow-up study based on continuous monitoring by their medical service provider and their consultations at the VISAS Center of Saint Etienne University Hospital (France).

The level of education of patients was obtained by the number of years of institutional study (including elementary school). In France, more than 12 years of studies correspond to a level of education beyond the baccalaureate (higher education). Furthermore, marital status was included to determine whether patients lived alone in their home or had a spouse or a partner.

Inclusion criteria included patients with severe OSAH diagnosis by ambulatory polygraphy or ambulatory polysomnography (AHI>30/h for polygraphy or AHI>15/h associated with sleep fragmentation using polysomnography) and needed CPAP therapy. Exclusion criteria were contraindication or refusal of CPAP for home treatment. Patients with mixed apnea/hypopnea syndrome, central sleep apnea or systolic heart failure (LVEF<45% and/or symptoms of heart failure) were also excluded from the study. Hypothesizing a size effect of 0.2 for a power of 90% at a p < 0.05, an alpha power of analysis showed that a sample size of 120 patients per group is sufficient.

Figure 1 shows, together with compliance data, the number of patients lost during 5 months as well as during 3 years to follow-up in each group. Fifteen patients were excluded (12 patients with other sleep disorders and 3 patients with addiction and/or excessive alcohol consumption). The final group included 408 patients, most of them males (n = 219) categorized into two groups: non-CV (n = 236) and CV (n = 163) diseases. Five patients from the non-CV group stopped their CPAP treatment before 5 months as well as 4 patients from the CV group. The population of apneic patients with CV disease differed in that they were older, less obese, and had a higher proportion of men. On the other hand, the degree of daytime sleepiness and the prevalence of classical CV risk factors were not different between the two subpopulations (Table 1).
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FIGURE 1. Flowchart of the population understudied according to the presence or the absence of a diagnosed cardiovascular disease at the entry in the study.




Table 1. Baseline characteristics of the OSAH population included in the study according to the presence of a recognized CV disease (coronary artery disease, post myocardial-infarction, stroke, atrial fibrillation).

[image: image]



The follow-up was then carried out up to 3 years after the initiation of the CPAP treatment (minimum 2 years and 4 months and maximum 5 years and 4 months) for the whole population studied.

Over an average follow-up period of 2.9 ± 0.8 years, we were able to record the occurrence of 12 deaths (mainly by CV events, n = 7). There were 6 deaths in each subgroup (CV or non-CV patients). Patients who died were not less observant than the rest of the study population but were statistically older (p < 0.02) when CPAP treatment had been initiated. We have not lost sight of our study. For the population still alive at the end of the follow-up (February 2019), we noted 49 stopped CPAP treatment (34 patients in the non-CV group vs. 26 patients in the CV group: p = 0.7).

The local Ethics Committee approved the study (CPP Sud Est 1, Saint Etienne, France: study ID 1508146; 2015-AO1635-44). The National Committee for Information and Liberty (CNIL) also gave consent for data collection. All subjects gave their informed and written consent prior to participation in the study.

Auto-CPAP Adherence

All participants received initially an autotitration CPAP treatment device that contained a microchip (SmartCardTM) for remote monitoring. The compliance data presented represent an average duration of daily use of the device over the last 3 months of use. The memory of the CPAP machines was queried for each patient. Follow-up data were also collected for ease of use, mask leakage level, residual apnea/hypopnea index. When stopping treatment, the reason for this therapeutic stop was confirmed for each patient and validated by the doctor in charge of the patient. The type of mask used and the pressure settings were recorded. Optimal CPAP use was defined by mean h/night (<5 h/night or ≥5 h/night). Three types of masks were used: nasal, full face and pillows. Most of the CPAP machines were used with a humidifier (78%). Average hours of CPAP use at 5 months of treatment were used as outcome measures, since this corresponded to CPAP prescription renewal. After 5 months and after 3 years of treatment by CPAP, we observed a relatively high rate of compliance in CV patients as well as in non-CV subjects (Figure 1).

Clinical Assessment

The clinical evaluation of patients was assessed by a standard medical consultation at 5 months for their prescription renewal or before if there was a medical need as well as at 3 years, which included general symptoms, sleeps symptoms, blood pressure and weight measurements, and subjective time and comfort of using CPAP, including the side effects. The monitoring also included evaluation of mean efficient positive airway pressure (PAP), and adjustment of maximal and minimal PAP.

Subjective sleepiness was assessed with a valid ESS administered initially (while the diagnosis of OSAH was done) and at 5 months of treatment. The ESS is an 8-item, self-administered questionnaire that measures subjective daytime sleepiness by assessing the self-reported likelihood of falling asleep in various settings (24, 25).

Statistical Analysis

Descriptive statistics were generated for all continuous variables to describe the study population. Patients with incomplete data were not included in the study. Potential covariates included age, marital status, educational status, body mass index (BMI; kg/m2), AHI, CPAP pressure, ESS, and type of mask. We reduced the number of covariates in order to increase the degrees of freedom in the analyses. Patients were categorized into one of two groups: non-observant (<5 h/night) or observant (≥ 5 h/night). Such a categorization was done at 5 months as well as at 3 years of CPAP treatment. Odds ratios were calculated to assess the risk of adherence or non-adherence to CPAP therapy. Logistic regression analysis was then realized in order to determine factors associated with short-term as well as long-term adherence to treatment. Such logistic regression analysis was also done separately in CV OSAH and nonCV OSAH subpopulations. Data were analyzed by using Statview 5.0 (SAS Institute Inc., Stat Corp., College Station, TX, USA).

RESULTS

Short-Term Follow-Up (5 Months)

In Table 1, we depict the main characteristics of our population at point of inclusion. Baseline ESS score as well as AHI or ODI were not significantly different in the two subpopulations of apneic patients. Univariate linear regression analysis showed that mean time duration of CPAP treatment (continuous variable) was negatively correlated with BMI (R = 0.16; R2 = 0.03; p < 0.01) (Figure 2). Patients with higher BMI were less observant to CPAP treatment. There was no significant association between mask types used or need of mask switch, mean PAP level (auto-CPAP patients only in the analysis), use of humidifier, and 5 months compliance in our selected population (Table 2). These results were true in CV patients as well as in non-CV patients. Therefore, we could observe a favorable impact of CPAP treatment on daytime hypersomnolence in both non-CV and CV OSAH patients.
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FIGURE 2. Linear regression analysis testing the relationship between mean nocturnal CPAP duration and body mass index at the inclusion in the study.




Table 2. Five months and 3 years characteristics of the OSAH population studied according to the presence at the inclusion of a recognized cardiovascular disease [coronary artery disease, post myocardial–myocardial infarction (n = 102), stroke (n = 43), atrial fibrillation (n = 18)].
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We found that in the 5 months mean observance duration, the 90th centile of PAP or minimal PAP were not statistically different between the two subpopulations, but residual AHI was slightly higher and maximal PAP lower in CV patients (Table 2).

A logistic regression model was built to evaluate the variables independently associated with CPAP use at >5 h/night in the whole population included in the study. In this model, after adjustment for gender, BMI and pre-treatment AHI, we found that age (60–70 or >70 years) and maximal PAP were the only two significant variables predictive of a good compliance (Table 3).


Table 3. Logistic regression analysis realized on the global OSAH population (CV plus non-CV patients) to determine the best model of independent predictors of an optimal CPAP observance (more than 5 h/night at 5 months of treatment) after full adjustment.
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According to subgroup analysis, the same variables were found in the model as significant independent predictors of a good compliance in the non-CV OSAH patients. However, none of those variables reached a significant level in the CV OSAH group, probably due to a smaller sample size (Table 4).


Table 4. Logistic regression analysis realized on non-CV subpopulation (upper panel) and on CV OSAH subpopulation in order to determine independent predictors of an optimal CPAP observance (at least 5 h/night at 5 months of treatment) after full adjustment.
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Long-Term Follow-Up (3 Years)

The factors associated with the maintenance of a 3-year CPAP treatment use in statistical analysis testing were the following: absence of diabetes (p < 0.002), older age (p = 0.03), higher effective pressure in the 90th percentile (11.1 ± 2.1 vs. 10.3 ± 2.9 cm H2O) measured after the first 5 months of treatment (p < 0.001), and a longer CPAP use (6.25 ± 1.7 vs. 4.46 ± 2.5 h/night) after the first 5 months of treatment (p < 0.001).

In subgroup analysis, these same previously described parameters associated with long-stay compliance were found in the group of non-CV patients; whereas in the CV group, only the longer initial 5-month adherence was associated with long-term adherence (p < 0.01).

The initial AHI, the index of residual respiratory events at 5 months or at 3 years, the initial ESS score, the evolution of this score (ESS) at 5 months and at 3 years, initial BMI, gender, marital status, and educational level were not associated in our whole population at 3 years and whether patients had CV status (CV or non-CV).

Comparing the average value of the duration of CPAP use at 3 years in patients who kept their active treatment, there was no difference in the duration of use between the subgroups (CV or non-CV): 6.44 ± 1.97 vs. 6.19 ± 2.27 h/night, respectively. On the other hand, CV patients who spontaneously discontinued CPAP during follow-up had a better average compliance than non-CV patients during the last 6 months prior to discontinuation (4.62 ± 2.65 vs. 2.27 ± 2.03 h/night, p < 0.04).

It should be noted that the residual AHI in patients still under CPAP at 3 years was low regardless of the treatment method used (2.9 ± 3.1 events/h). On the other hand, the treated CV patients kept a discreetly higher residual AHI (3.4 ± 4.1 vs. 2.2 ± 2.2 events/h, p < 0.005). If we looked at the target observance of 5 h (or more) per night in the population, including patients who stopped CPAP treatment, we did not find a difference in the proportion of patients who were observant in the two subgroups: 72.6% in CV patients 67.8%in non-CV patients.

Tables 5, 6 show with multiple logistic regression analysis the factors found to be independently associated with an adherence of >5 h in the whole population and in each of the two subgroups of patients who were still under CPAP at the end of the 3-year follow-up.


Table 5. Logistic regression analysis realized on the global OSAH population (CV plus non-CV patients) to determine the best model of independent predictors of an optimal CPAP observance (more than 5 h/night at 3 years of treatment) after full adjustment.
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Table 6. Logistic regression analysis realized on non-CV subpopulation and on CV OSAH subpopulation in order to determine independent predictors of an optimal CPAP observance (at least 5 h/night at 3 years of treatment) after full adjustment.
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These data confirmed the results observed earlier in the 5-month follow-up for the those aged >60 y, but it also found the presence of diabetes as a factor limiting the maintenance of adherence at 3 years. Maximal PAP was no longer found in this analysis. Finally, in the subjective factors (patient interrogation) of the observance of more than 5 h to 3 years one also finds the notion of a good comfort of the patient (visual analogical scale >8/10) (p < 0.001).

DISCUSSION

The issues of health risks of OSAH make the demand of CPAP treatment important.

The aim of our study was to investigate the possibility to improve adherence to CPAP therapy in a CV population suffering severe OSAH (AHI>30/h).

In our study, we did not observe a significant difference in the rate of short-term or long-term adherence to CPAP therapy between our two subgroups (non-CV and CV patients). In addition, patients showed quite good CPAP adherence after 5 months of treatment.

Our results showed the possibility of obtaining good compliance with CPAP in a population of patients with CV pathology. An observance of more than 5 h was found in more than 70% of our population after 3 years of follow-up. This highlights the value of working with patients to improve adherence in the first few months of treatment and perhaps even the first few days. The factors of “good compliance” are represented by the age of >60 years, which is a factor found on initial compliance as well as on late compliance. On initial compliance, the high-pressure requirements are predictors of good adherence; whereas at the end of 3 years, the presence of diabetes is a factor that is detrimental to the maintenance of long lasting nocturnal ventilatory treatment.

As already demonstrated by others, the minimum use of CPAP efficacy treatment of ≥5 h/night for CV patients (22) appears important as a secondary CV prevention goal. An early education was associated with a patient's better knowledge about OSAH as a health problem and its therapy; this can improve adherence to CPAP treatment particularly for CV patients (13–15) who probably need a higher duration of CPAP use (26). Previous studies identified patients with CV disorders using CPAP therapy <3.5 h/night did not prevent CV events (22, 23). Our target was then to reach a duration of 5 h/night or more of CPAP use in our study. The compliance to CPAP therapy will be paramount to achieve their beneficial effects in our population (27). Motivational enhancement can play an important role in increasing CPAP adherence until 99.0 min/night compared to a control group that can reach a level of 5 h/night (14, 28). Socioeconomic and cognitive factors may also be associated with CPAP adherence (29). Comorbidities such as chronic obstructive pulmonary disease, asthma and rhinitis, and obesity could also have a negative impact on CPAP treatment.

In our adult population, we identified some variables that can be potentially associated with low adherence, such as age, higher BMI, and lower maximal CPAP pressure level. CV disorders, hypertension and diabetes have not been found to be predictors of lower adherence. Maximal CPAP level is routinely known as a factor of lower adherence to CPAP treatment (fixed PAP) because of uncomforting and more air leakage generation. Our result could appear somewhat surprising. Nevertheless, there was no significant association between mask types used, mean PAP level, AHI baseline value, or humidifier use and observance in our patients.

There is a not negligible factor that we eliminated from our study but frequently encountered in other already published studies, which is that the patients did not know the optimal duration we had chosen in the study. The medical and paramedic staff encouraged them to use their CPAP treatment as long as they could tolerate according to their night habits (usual sleep duration). Then we removed a factor that can increase the compliance for CPAP treatment compared to patients who knew that they were enrolled in a follow-up study (30). The technicians of their medical service providers gave the pick-up of our outcomes during their routine visits at home and during in-hospital stays (which can also increase the compliance to CPAP treatment). We think that this way, we could be close to the real CPAP treatment without any external intervention or direct contact with the patients, which can disrupt their real management.

There are some limits in our study, in that the number of included patients were different in the two subgroups (n = 236 non-CV and n = 163 CV). Such difference in sample sizes could explain the discrepancy of our logistic regression analysis according to the presence or not of a CV disease. In France, the management of OSAH and its treatment by CPAP maybe more efficient or better followed due to an easier access to a health protection system, more speedy diagnosis procedure, as well as CPAP device installation. We can highlight the real implication of medical providers in the explanation of CPAP therapy procedure and an element of comfort according to home interventions according to patient needs. There were few factors associated with a good compliance in our population. The elderly could be first interpreted as a factor limiting CPAP duration. This was not the case in our selected population that showed us an opposite result. The elderly are probably more anxious by potential CV events and then could be more observant compared to young adults. There is no consensus if we should consider OSAH as a single disease with different phenotypes with or without excessive daytime somnolence (31), or if there are different diseases with different genetic/epigenetic determinants, pathogenic mechanisms, prognosis, and treatment.

Thus we propose to realize in the future a randomized cohort study, which will be based on the impact of an early in-hospital information and education program for patients with recently diagnosed OSAH (in the first 2 weeks after OSAH diagnosis and one telephone call per month for 5 months). The aim of this future study will be to better identify the variables that can also positively influence adherence to CPAP therapy (32). We believe that the advice of CPAP therapy during several months could also help patients to better integrate risks of untreated OSAH and to balance the benefit of treatment.

CONCLUSION

The effectiveness in terms of CV prevention of the treatment of OSAH syndrome is based, as for all risk factors, on adherence to therapy (in this case the mean nocturnal CPAP use). A threshold of 5 h/night has to be proposed in this context and it is not easy to obtain systematically. Therefore, it could appear essential to better recognize favorable or deleterious factors in order to optimize observance of CPAP treatment. Moreover, in secondary prevention, it is suggested that “CV” apneic patients would be less observant because they have less symptoms during daytime as was found in the SAVE study. We aimed to determine on a prospective cohort observational study the variable associated with a 5-month good observance in two populations of patients: with a history of CV disease (acute coronary syndrome, atrial fibrillation, stroke) or without such a CV event. We did not find a difference in terms of adherence rate between the two groups at 5 months and 3 years of follow up. The population studied presented two predictors of short-term good observance: older age (over 60 or over 70 years) and high maximum PAP treatment in the auto-CPAP group. Age appears still a factor of good observance at 3 years but diabetes also limits independently such a long-term adherence. Severity of the symptom of sleep related to breathing disorder, history of hypertension, AHI, marital status, educational level and gender do not seem to play a significant role on compliance at 5 months or at 3 years of treatment. Thus, it could be time now to propose a reinforcement of knowledge of OSAH syndrome as well as recognition of the favorable impact of CPAP treatment more particularly in young patients (33). Now, patient education and follow-up via telemedicine is used to improve adherence and could positively (or not) influence the healthcare provider in OASH following (34).

ETHICS STATEMENT

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.

INFORMED CONSENT

Informed and written consent was obtained from all individual participants included in the study.

AUTHOR CONTRIBUTIONS

FR and AN involved in study design and drafting the manuscript. FR, DH, SC, and JB participated at inclusion and data acquisition. FR made statistical analysis. DH, SC, and JB proofreading the manuscript.

FUNDING

Saint Etienne Hospital Center (DRCI, URCIP) provided financial support (funding of salaries and clinical research devices). The sponsor had no role in the design or conduct of this research.

ACKNOWLEDGMENTS

The authors of this study would like to thank all the study participants and Delphine Maudoux for her help in data acquisition as well as Arnauld Garcin.

REFERENCES

 1. Veale D, Poussin G, Benes F, Pepin JL, Levy P. Identification of quality of life concerns of patients with obstructive sleep apnoea at the time of initiation of continuous positive airway pressure: a discourse analysis. Qual Life Res. (2002) 11:389–99. doi: 10.1023/A:1015599326110

 2. Marin JM, Carrizo SJ, Vicente E, Agusti AG. Long-term cardiovascular outcomes in men with obstructive sleep apnoea–hypopnoea with or without treatment with continuous positive airway pressure: an observational study. Lancet. (2005) 365:1046–53. doi: 10.1016/S0140-6736(05)71141-7

 3. Engleman H, Jeff D. Neuropsychological function in obstructive sleep apnoea. Sleep Med Rev. (1999) 3:59–78. doi: 10.1016/S1087-0792(99)90014-X

 4. Engleman HM, Martin SE, Douglas NJ. Compliance with CPAP therapy in patients with the sleep apnoea/hypopnonea syndrome. Thorax. (1994) 49:263–6. doi: 10.1136/thx.49.3.263

 5. Kiely JL, Murphy M, McNicholas WT. Subjective efficacy of nasal CPAP therapy in obstructive sleep apnoea syndrome: a prospective controlled study. Eur Respir J. (1999) 13:1086–90. doi: 10.1034/j.1399-3003.1999.13e24.x

 6. Sawyer AM, Gooneratne NS, Marcus CL, Ofer D, Richards KC, Weaver TE. A systematic review of CPAP adherence across age groups: Clinical and empiric insights for developing CPAP adherence interventions. Sleep Med Rev. (2011) 15:343–56. doi: 10.1016/j.smrv.2011.01.003

 7. Stradling JR, Davies RJ. Is more NCPAP better? Sleep. (2000) 23(Suppl.4):S150e3.

 8. Antic NA, Catcheside P, Buchan C, Hensley M, Naughton MT, Rowland S, et al. The effect of CPAP in normalizing daytime sleepiness, quality of life and neurocognitive function in moderate-severe OSA. Sleep. (2011) 34:111e9. doi: 10.1093/sleep/34.1.111

 9. He J, Kryger MH, Zorick FJ, Conway W, Roth T. Mortality and apnea index in obstructive sleep apnea: experience in 385 male patients. Chest. (1988) 94:9–14. doi: 10.1378/chest.94.1.9

 10. Lindberg E, Janson C, Svardsudd K, Gislason T, Hetta J, Boman G. Increased mortality among sleep snorers: a prospective populationbased study. Thorax. (1998) 53:631–7. doi: 10.1136/thx.53.8.631

 11. Engleman HM, Martin SE, Deary IJ, Douglas NJ. Effect of continuous positive airway pressure treatment on daytime function in sleep apnoea/hypopnoea syndrome. Lancet. (1994) 343:572–5. doi: 10.1016/S0140-6736(94)91522-9

 12. Zimmerman ME, Arnedt JT, Stanchina M, Millman RP, Aloia MS. Normalization of memory performance and positive airway pressure adherence in memory-impaired patients with obstructive sleep apnea. Chest. (2006) 130:1772e8. doi: 10.1378/chest.130.6.1772

 13. Smith S, Lang C, Sullivan K, Warren J. Two new tools for assessing patients' knowledge and beliefs about obstructive sleep apnea and continuous positive airway pressure therapy. Sleep Med. (2004) 5:359–67. doi: 10.1016/j.sleep.2003.12.007

 14. Aloia MS, Arnedt JT, Strand M, Millman RP, Borrelli B. Motivational enhancement to improve adherence to positive airway pressure in patients with obstructive sleep apnea: a randomized controlled trial. Sleep. (2013) 36:1655–62. doi: 10.5665/sleep.3120

 15. Poulet C, Veale D, Arnol N, Lévy P, Pepin JL, Tyrrell J. Psychological variables as predictors of adherence to treatment by continuous positive airway pressure. Sleep Med. (2009) 10:993–9. doi: 10.1016/j.sleep.2009.01.007

 16. Golay A, Girard A, Grandin S, Metrailler J-C, Victorion M, Lebas P, et al. A new educational program for patients suffering from sleep apnea syndrome. Patient Educ Couns. (2006) 60:220–7. doi: 10.1016/j.pec.2005.01.007

 17. Collard P, Pieters T, Aubert G, Delguste P, Rodenstein A. Compliance with nasal CPAP in obstructive sleep apnea patients. Sleep Med Rev. (1997) 1:33–44. doi: 10.1016/S1087-0792(97)90004-6

 18. Fletcher E, Luckett R. The effect of positive reinforcement on hourly compliance in nasal continuous positive airway pressure users with obstructive sleep apnea. Am Rev Respir Dis. (1991) 143:936–41. doi: 10.1164/ajrccm/143.5_Pt_1.936

 19. Weaver T, Grunstein R. Adherence to continuous positive airway pressure therapy: the challenge to effective treatment. Proc Am Thorac Soc. (2008) 5:173–8. doi: 10.1513/pats.200708-119MG

 20. Zozula R, Rosen R. Compliance with continuous positive airway pressure therapy: assessing and improving treatment outcomes. Curr Opin Pulmonary Med. (2001) 7:391–8. doi: 10.1097/00063198-200111000-00005

 21. Engleman HM, Wild MR. Improving CPAP use by patients with the sleep apnoea/hypopnoea syndrome (SAHS). Sleep Med Rev. (2003) 7:81–99. doi: 10.1053/smrv.2001.0197

 22. McEvoy DR, Antic NA, Heeley E, Luo Y, Ou Q, Zhang X, Mediano O, et al. CPAP for prevention of cardiovascular events in obstructive sleep Apnea. NEJM. (2016) 375:919–31.

 23. Peker Y, Glantz H, Eulenburg C, Wegscheider K, Herlitz J, Thunström E. Effect of positive airway pressure on cardiovascular outcomes in coronary artery disease patients with nonsleepy obstructive sleep apnea. The RICCADA randomized controlled trial. Am J Respir Crit Care Med. (2016) 194:613–20. doi: 10.1164/rccm.201601-0088OC

 24. Johns MW. Daytime sleepiness, snoring, and obstructive sleep apnea. The epworth sleepiness scale. Chest. (1993) 103:30–6. doi: 10.1378/chest.103.1.30

 25. Johns MW. Sleepiness in different situations measured by the epworth sleepiness scale. Sleep. (1994) 17:703–10. doi: 10.1093/sleep/17.8.703

 26. Budhiraja R, Kushida CA, Nichols DA, Walsh JK, Simon RD, Gottlieb DJ, et al. Impact of randomization, clinic visits, and medical and psychiatric comorbidities on continuous positive airway pressure adherence in obstructive sleep Apnea. J Clin Sleep Med. (2016) 12:333–41. doi: 10.5664/jcsm.5578

 27. Campos-Rodrigues F, Martinez-Alonso M, Sanchez-de-la-Torre M, Barbe F. Spanish Sleep Network. Long-term adherence to continuous positive airway pressure therapy in non-sleepy sleep apnea patients. Sleep Med. (2016) 17:1–6. doi: 10.1016/j.sleep.2015.07.038

 28. Bakker JP. Motivational enhancement for increasing adherence to CPAP. Chest. (2016) 150:337–45. doi: 10.1016/j.chest.2016.03.019

 29. Stepnowsky CJ, Marler MR, Palau J, Brooks J. Social-cognitive correlates of CPAP adherence in experienced users. Sleep Med. (2006) 7:350-6. doi: 10.1016/j.sleep.2005.11.004

 30. Pépin JL, Krieger J, Rodenstein D, Cornette A, Sforza E, Delguste P, et al. Effective compliance during the first 3 months of continuous positive airway pressure. A European prospective study of 121 patients. Am J Respir Crit Care Med. (1999) 160:1124–9. doi: 10.1164/ajrccm.160.4.9802027

 31. Garbarino S, Scoditti E, Lanteri P, Conte L, Magnavita N, Toraldo DM. Obstructive sleep Apnea with or without excessive daytime sleepiness: clinical and experimental data-driven phenotyping. Front Neurol. (2018) 9:505. doi: 10.3389/fneur.2018.00505

 32. Sawyer AM, Canamucio A, Moriarty H, Weaver TE, Richards KC, Kuna ST. Do cognitive perceptions influence CPAP use? Patient Educ Counsel. (2011) 85:85–91. doi: 10.1016/j.pec.2010.10.014

 33. Cistulli PA, Armitstead J, Pepin JL, Woehrle H, Nunez CM, Benjafield A, Malhotra A. Short-term CPAP adherence in obstructive sleep apnea: a big data analysis using real world data. Sleep Med. (2019) 59:114–6. doi: 10.1016/j.sleep.2019.01.004

 34. Turino C, de Batlle J, Woehrle H, Mayoral A, Castro-Grattoni AL, Gómez S, et al. Management of continuous positive airway pressure treatment compliance using telemonitoring in obstructive sleep apnoea. Eur Respir J. (2017) 49:1601128. doi: 10.1183/13993003.01128-2016

Conflict of Interest Statement: All authors certify that they have no affiliations with or involvement in any organization or entity with any financial interest (such as honoraria; educational grants; participation in speakers' bureaus; membership, employment, consultancies, stock ownership, or other equity interest; and expert testimony or patent-licensing arrangements), or non-financial interest (such as personal or professional relationships, affiliations, knowledge, or beliefs) in the subject matter or materials discussed in this manuscript.

Copyright © 2019 Nsair, Hupin, Chomette, Barthélémy and Roche. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fneur-10-00801-t003.jpg
Variables in the model (all patients) OR 95% Cl P-value

Ref <60y 1 -

Age 60-70y 263 1.52-4.70 <0.01
Age >70y 281 1.40-6.41 <001
Max. auto-CPAP (+1 ¢m H,0) 122 105-137 <001

CPAR, continuous positive ainvay pressure, CV, cardiovascular, OSAH, obstructive
sleep apnea/hypopnea.





OPS/images/fneur-10-00801-t004.jpg
OR 95% ClI

VARIABLES IN THE MODEL (NON-CV PATIENTS)

Ref <60y 1 =
Age 60-70y 267 1.28-6.47
Age >70y 289 1.13-7.37
Max. auto-CPAP (+1¢cm H,0) 122 1.03-1.46
VARIABLES IN THE MODEL (CV PATIENTS)

Ref <60y 1 -

Age 80-70y 2.45 0.93-6.60
Age >70y 261 0.93-6.67
Max. auto-CPAP (+1 cm H,0) 1.19 096-1.46

P-value

<0.01
<0.03
<0.03

0.07
0.07
0.1

CPAR, continuous positive airway pressure; CV, cardiovascular; OSAH, obstructive

sleep apnea/hypopnea.





OPS/images/fneur-10-00801-t001.jpg
Variables Non-CVOSAH  CV OSAH P-value

patients patients

N =231 N=163
CATEGORY
Alone at home (%) 195 202 ns
Female (%) 33.7 1563 <0.0001
PG (%) 54.1 613 ns
Auto-CPAP titration (%) 965 202 ns
Active smoker (%) 325 368 ns
History of hypertension (%) 385 362 ns
History of diabetes (%) 200 258 ns
CONTINUOUS
Age ) 589+ 116  643+113 <0.0001
Educational status (y) 1.1£39 10540 ns
BMI (kg/m?) 3124569 207 +44 <0.01
ESS score 99436 101+34 ns
AHI () 420£75 442155 ns
ODI (/h) 37.4£19.0 345+ 171 ns

PG, polygraphic recording; CPAR, continuous positive ainvay pressure; CV, cardiovascular
disease; BMI, body mass index; ESS, Epworth somnolence scale; AH), apnea
plus hypopnea index; ODI, oxyhemoglobin desaturation  index; OSAH, obstructive
sleep apnea/hypopnea.





OPS/images/fneur-10-00801-t002.jpg
Variables Non-CV OSAH CV OSAH P-value

patients patients
5 months category N=231 N=163
Short-term observance 736 773 ns
>5h (%)
Humidifier (%) 62.4 55.6 ns
Mask full face (%) 199 26.4 ns
Nasal (%) 724 675 ns
Nasal pilows (%) 77 6.1 ns
Mask type switch (%) 230 202 ns
Excessive leaks (%) 315 349 ns
Comfort, satisfaction (%) 833 896 ns
5 months continuous
Residual ESS score 49£87 51+34 ns
Mean observance (n/n) 61:£19 60£20 ns
Residual AHI (/h) 23+24 32+83 <005
90th centile auto-PAP 11£23 11.0£20 ns
Max auto-PAP 140+ 1.7 181£19 <0.01
Min auto-PAP 44£07 44£08 ns
3 years category N =225 N =157
Long-term observance 67.8 726 ns
>5h (%)
Excessive leaks (%) 324 303 ns
Comfort, satisfaction (%) 834 89.8 ns
3 years continuous
Residual ESS score 53£84 55+37 ns
Mean observance (h/n) 60£22 63+20 ns
Residual AHI () 22£22 34%4.1 <0005
90th centile auto-PAP 11.0£20 107 £2.2 ns
Max auto-PAP 140£14 182£14 <001
Min auto-PAP 44£08 44£05 ns

PAR, positive aiway pressure; ESS, Epworth somnolence scale; AHI, apnea plus
hypopnea index.





OPS/images/fneur-10-00801-t005.jpg
Variables in the model (all patients) OR
Ref <60y 1

Age 60-70y 1.54
Age >70y 132
Diabetes (Yes) 057

95% Cl P-value

0.92-2.68 0.10
0.76-2.31 031
0.34-0.94 <0.03

CPAR, continuous positive airway pressure; CV, cardiovascular; OSAH, obstructive

sleep apnea/hypopnea.





OPS/images/fneur-10-00801-t006.jpg
OR 95% Cl P-value

VARIABLES IN THE MODEL (NON-CV PATIENTS)

Ref <60y 1 :
Age 60-70y 1.89 1.02-8.49 <005
Age >70y 1.65 0.74-8.72 022

Diabetes (Yes) 036 0.19-0.71 <001
VARIABLES IN THE MODEL (CV PATIENTS)

Ref <60y 1 -

Age 60-70y 1.08 0.43-2.61 089

Age >70y 085 0.36-2.04 072

Diabstes (Yes) 1.19 0.44-2.21 099

CPAR, continuous positive aiway pressure; CV, cardiovascular; OSAH, obstructive
sleep apnea/hypopnea.





OPS/images/fneur-10-00801-g001.gif
(Cmmr ) (e

el | | el






OPS/images/fneur-10-00801-g002.gif
N ———





OPS/images/cover.jpg
, frontiers
in Neurology

Factors Influencing Adherence to
Auto-CPAP: An Observational
Monocentric Study Comparing

Patients With and Without
Cardiovascular Diseases









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Neurology





